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(57) ABSTRACT

A data transmission method and system, transmitter and
receiver. The method includes: mapping, by a transmitter, a
plurality of data streams to a plurality of antennas of the
transmitter by using precoding matrices and transmitting the
plurality of data streams to a receiver via the plurality of
antennas, wherein the transmitter selects the precoding matri-
ces by taking a resource block as a granularity. With the
embodiments of the present invention, the transmitter may
transmit data streams to the receiver by using the precoding
matrices W, and selects the precoding matrices W by taking a
resource block (RB) as a granularity, so as to support DM-RS
demodulation, and the receiver is not needed to perform PMI
feedback, which is also applicable to a scenario where user
feedback is not supported or PMI feedback is inaccurate,
thereby achieving open-loop spatial multiplexing CoMP
transmission.
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DATA TRANSMISSION METHOD AND
SYSTEM, TRANSMITTER, AND RECEIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of International Application No.
PCT/CN2011/079548, filed on Sep. 9, 2011, now pending,
the contents of which are herein wholly incorporated by ref-
erence.

TECHNICAL FIELD

The present invention relates to the field of communica-
tions, and in particular to a data transmission method and
system, transmitter and receiver.

BACKGROUND ART

Coordinated multi-point (CoMP) technology is an impor-
tant content in the study of a long-term evolution advanced
(LTE-A) scheme of a next-generation wireless communica-
tion system, which uses multiple cells for joint transmission,
and may enhance a diversity effect, or suppress inter-cell
interference, thereby improving the performance of the sys-
tem.

The current CoMP technology is focused on the field of
close-loop (having precoding matrix index (PMI) feedback)
transmission, and its transmission technology may include
joint processing (JP) and coordination scheduling/beam-
forming (CS/CB). Following description is given to JP.

FIG. 1 is a schematic diagram of JP transmission taking
CoMP between two cells as an example. As shown in FIG. 1,
Tx1 and Tx2 denote respectively a base station 1 and a base
station 2. A base station here denotes various transmitters
capable of CoMP operations, such as an eNB, and a remote
radio head (RRH), etc. A base station is configured with N,
transmission antennas, and Rx denotes a user receiver con-
figured with N, receiving antennas. Multiple input multiple
output (MIMO) channel matrices between the base stations 1
and 2 and a user are respectively denoted by H, and H,, which
are N xN, dimension matrices. x denotes L data streams to be
transmitting to a user, and the base stations 1 and 2 respec-
tively use N, xL. dimension matrices W, and W, to map x to a
plurality of antennas of itself for transmission. Wherein, N,
N, and L are positive integers, and L=N,. A vector symbol
received by user equipment may be expressed as y=H, W, x+
H,W,x+n, where, n denotes a noise vector.

In order to ensure the performance of CoMP transmission,
the user equipment needs to feed back a precoding matrix
index (PMI) according to the current channel state, so as to
offer proposals to a base station for selecting precoding matri-
ces W, and W,.

However, in the implementation of the present invention,
the inventors found that a defect exists in the above technol-
ogy: the network end limits the total amount of feedback for
the sake of the bearable feedback load; for example, the user
equipment is not allowed to feed back at present, or the
network end allows feeding back, but the PMI fed back by the
user equipment cannot accurately reflect the current channel
state, such as a scenario where the user equipment is in
high-speed movement. This will bring negative effect to the
performance of the close-loop CoMP transmission.

It should be noted that the above description of the back-
ground art is merely provided for clear and complete expla-
nation of the present invention and for easy understanding by
those skilled in the art. And it should not be understood that
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the above technical solution is known to those skilled in the
art as it is described in the background art of the present
invention.

SUMMARY OF THE INVENTION

An object of the embodiments of the present invention is to
provide a data transmission method and system, transmitter
and receiver. Wherein, the transmitter may transmit data
streams to the receiver by using a matrix U, a matrix D and a
precoding matrix W, and selects the precoding matrix W by
taking a resource block (RB) as a granularity, without needing
the receiver to feed back a PMI, and is applicable to a scenario
where user feedback is not supported or PMI feedback is
inaccurate, thereby achieving open-loop spatial multiplexing
CoMP transmission.

According to one aspect of the embodiments of the present
invention, there is provided a data transmission method,
applicable to open-loop spatial multiplexing coordinated
multipoint transmission, the method including: mapping, by a
transmitter, multiple data streams to multiple antennas of the
transmitter by using a precoding matrix and transmitting the
multiple data streams to a receiver via the multiple antennas,
wherein the transmitter selects the precoding matrix by taking
a resource block as a granularity.

According to another aspect of the embodiments of the
present invention, there is provided a data transmission
method, including: receiving, by a receiver, data streams
transmitted by more than one transmitter; performing channel
estimation by the receiver by using a demodulation reference
signal, so as to obtain an equivalent channel; and demodulat-
ing the received data streams by using the obtained equivalent
channel, or by using the obtained equivalent channel, a phase
rotation matrix and a unitary matrix, so as to obtain the data
streams.

According to still another aspect of the embodiments of the
present invention, there is provided a transmitter, including: a
selecting unit configured to select a used precoding matrix by
taking a resource block as a granularity; a precoding unit
configured to map multiple data streams to multiple antennas
of'the transmitter by using the precoding matrix; and multiple
antennas configured to transmit the multiple data streams to a
receiver.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a receiver,
including:

a second receiving unit configured to receive data streams
transmitted by more than one transmitter;

a channel estimating unit configured to perform channel
estimation by using a demodulation reference signal, so as to
obtain an equivalent channel; and

a demodulating unit configured to demodulate the received
data streams by using the obtained equivalent channel, or by
using the obtained equivalent channel, a phase rotation matrix
and a unitary matrix, so as to obtain the data streams.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a data trans-
mission system, including:

more than one transmitter, each of the transmitters includ-
ing: a selecting unit configured to select a used precoding
matrix by taking a resource block as a granularity; a precod-
ing unit configured to map multiple data streams to multiple
antennas of the transmitter by using the precoding matrix
selected by the selecting unit, and multiple antennas config-
ured to transmit the multiple data streams to a receiver; and

a receiver, including a receiving unit configured to receive
data streams transmitted by more than one transmitter; a
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channel estimating unit configured to perform channel esti-
mation by using a demodulation reference signal, so as to
obtain an equivalent channel; and a demodulating unit con-
figured to demodulate the received data streams by using the
obtained equivalent channel.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a computer-
readable program, wherein when the program is executed in a
transmitter, the program enables a computer to carry out the
data transmission method as described above in the transmit-
ter.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a storage
medium in which a computer-readable program is stored,
wherein the computer-readable program enables a computer
to carry out the data transmission method as described above
in a transmitter.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a computer-
readable program, wherein when the program is executed in a
receiver, the program enables a computer to carry out the data
transmission method as described above in the receiver.

According to further still another aspect of the embodi-
ments of the present invention, there is provided a storage
medium in which a computer-readable program is stored,
wherein the computer-readable program enables a computer
to carry out the data transmission method as described above
in a receiver.

The advantage of the embodiments of the present invention
resides in that the transmitter may transmit data streams to the
receiver by using a matrix U, a matrix D and a precoding
matrix W, and selects the precoding matrix W by taking a
resource block (RB) as a granularity, so as to support DM-RS
demodulation, without needing the receiver to feed back a
PMI, and is applicable to a scenario where user feedback is
not supported or PMI feedback is inaccurate, thereby achiev-
ing open-loop spatial multiplexing CoMP transmission.

With reference to the following description and drawings,
the particular embodiments of the present invention are dis-
closed in detail, and the principle of the present invention and
the manners of use are indicated. It should be understood that
the scope of the embodiments of the present invention is not
limited thereto. The embodiments of the present invention
contain many alternations, modifications and equivalents
within the spirits and scope of the terms of the appended
claims.

Features that are described and/or illustrated with respect
to one embodiment may be used in the same way or in a
similar way in one or more other embodiments and/or in
combination with or instead of the features of the other
embodiments.

It should be emphasized that the term “includes/including”
when used in this specification is taken to specify the presence
of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other fea-
tures, integers, steps, components or groups thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be apparent from the following detailed
description in conjunction with the drawings, in which:

FIG. 1 is a schematic diagram of JP transmission taking
CoMP between two cells as an example;

FIG. 2 is a flowchart of the data transmission method of
Embodiment 1 of the present invention;
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FIG. 3 is a flowchart of the data transmission method of
Embodiment 2 of the present invention;

FIG. 4 is a flowchart of the data transmission method of
Embodiment 3 of the present invention;

FIG. 5 is a schematic diagram of the structure of the trans-
mitter of Embodiment 4 of the present invention;

FIG. 6 is a schematic diagram of the structure of the trans-
mitter of Embodiment 5 of the present invention;

FIG. 7 is a schematic diagram of the structure of the
receiver of Embodiment 6 of the present invention; and

FIG. 8 is a schematic diagram of the structure of the trans-
mission system of Embodiment 7 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments of the present invention shall be
described below with reference to the accompanying draw-
ings. These embodiments are illustrative only and are not
intended to limit the present invention. For easy understand-
ing of the principle and embodiments of the present invention
by those skilled in the art, the embodiments of the present
invention shall be described taking open-loop spatial multi-
plexing CoMP transmission of an LTE-A system as an
example. However, it should be understood that the present
invention is not limited thereto, and is applicable to other
systems related to data transmission.

In the embodiments of the present invention, in the imple-
mentation of the present invention, the inventors found that in
open-loop transmission, a user is not needed to feed back
PMI, and it is more applicable to a scenario where user
feedback is not supported or PMI feedback is inaccurate.
Hence, the embodiments of the present invention provide a
data transmission method and system, transmitter and
receiver.

In this embodiment, in order to keep the compatibility with
the LTE standard, the open-loop CoMP transmission is con-
structed on the basis of a framework of large delay cyclic
delay diversity (CDD) of Rel. 8.

The large delay CDD of Rel. 8 shall be described first. The
large delay CDD is a method used for single-user multiple
input multiple output (SU-MIMO) open-loop spatial multi-
plexing transmission, with no need of PMI feedback, and its
typical transmitting and receiving relation is expressed as:
y=WDUXx. Similar to the operations of a single base station in
the previous CoMP scenario, x denotes multiple data streams
transmitted to a user equipment, and WDU may be integrally
seen as a precoding matrix, which is used to map data streams
to an antenna for transmission. Due to open-loop spatial
multiplexing transmission, the base station may adjust WD
by taking a resource element (RE) as a granularity, that is, the
matrices W and D are adjusted as per each RE; wherein, the
matrices W and D may be selected in a manner defined in the
standard, which shall not be described herein any further.

Inthe embodiments of the present invention, the open-loop
CoMP transmission is performed on the basis of the frame-
work of large delay CDD, and a precoding matrix is adjusted
according to a granularity of an RB in consideration of
demodulation of a demodulation reference signal (DM-RS)
in the CoMP transmission, for the convenience of demodula-
tion of the DM-RS. Embodiments of the present invention
shall be described below with reference to the accompanying
drawings.

FIG. 2 is a flowchart of the data transmission method of
Embodiment 1 of the present invention. As shown in FIG. 2,
the method includes:
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step 201: mapping, by a transmitter, multiple data streams
to multiple antennas of the transmitter by using a precoding
matrix W,

in this embodiment, different from the prior art, the pre-
coding matrix W may be selected by taking an RB as a
granularity, that is, RBs may be adjusted one by one, so as to
support demodulation of a DM-RS in CoMP transmission;

wherein, the multiple data streams may be data streams
after being processed with respect to modulation and rate
match etc, the processes of the modulation and rate match etc
being similar to those of the prior art, which shall not be
described herein any further;

step 202: transmitting the multiple data streams by the
transmitter to a receiver via the multiple antennas, wherein
the data streams are transmitted to the receiver in a form of
vector symbol after being precoded by using the precoding
matrix W.

It can be seen from the above embodiment that in open-
loop spatial multiplexing CoMP transmission, a precoding
matrix is adjusted according to a granularity ofan RB, so as to
support DM-RS demodulation, and the receiver is not needed
to perform PMI feedback, which is also applicable to a sce-
nario where user feedback is not supported or PMI feedback
is inaccurate.

In this embodiment, before precoding the multiple data
streams by using the precoding matrix W, the method further
includes a step of: pre-processing the multiple data streams,
that is, passing the multiple data streams through a unitary
matrix U, so that each of the multiple data streams experi-
ences similar channel conditions; and then passing the mul-
tiple data streams through a phase rotation matrix D, so as to
obtain a frequency diversity; wherein, this step is optional.

In the following description, a unitary matrix is referred to
as matrix U, and a phase rotation matrix is referred to as
matrix D.

In this embodiment, the matrix D may still be adjusted
according to a granularity of an RE, so as to fully exploit and
use a frequency diversity, and a small granularity may better
use a gain brought by the frequency diversity; the matrix U
may be determined in advance; and both of the transmitter
and the receiver may learn in advance the matrix U, the matrix
D and a rule for selecting the precoding matrix W.

Furthermore, in step 201, the multiple data streams may be
mapped to the multiple antennas of the transmitter by using
any technology ofthe prior art. Following description is given
taking two data streams, that is, =2, and 4 transmitting
antennas, are transmitted as an example; wherein the data
streams are transmitted by using the matrix U, the matrix D
and the precoding matrix W.

If x=[x,, X,]” denotes the two data streams to be transmit-
ted to the receiver, the matrix U and the matrix D may be
respectively selected as

1 1 1 0
[1 22 }’ D= [0 22 }

according to the standard; where, i denotes an RE index; the
precoding matrix W is selected in a codebook of 4 antennas
and the number of layers being 2; for example, N available
precoding matrices may be designated in advance in the code-
book, N<16, and a W is cyclically selected in the N precoding
matrices in a manner of RB by RB, or for each RB, a W is
randomly selected from 16 precoding matrices in a codebook
of'4 antennas and the number of layers being 2. It can be seen
from the above embodiment that on the basis of a CDD

U=
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framework, the transmitter may transmit the data streams to
the receiver by using the matrix U, the matrix D and the
precoding matrix W, and select the precoding matrix W by
taking an RB as a granularity, so as to support DM-RS
demodulation, and the receiver is not needed to perform PMI
feedback, which is also applicable to a scenario where user
feedback is not supported or PMI feedback is inaccurate,
thereby achieving open-loop spatial multiplexing CoMP
transmission.

In this embodiment, in using DM-RS demodulation, the
method may further include: transmitting a DM-RS by the
transmitter to the receiver by using the precoding matrix W, so
that the receiver performs channel estimation according to the
DM-RS, thereby obtaining an equivalent channel, and mak-
ing the receiver to perform demodulation recovery on the data
streams, i.e. vector symbols, transmitted by the transmitter,
according to the equivalent channel, the matrix D and the
matrix U, so as to obtain the data streams. Wherein, the
DM-RS may be mapped to the antennas together with the
multiple data streams at the same time, and is transmitted to
the receiver via the antennas.

In this embodiment, before step 201, the method may fur-
ther include a step of:

receiving, by the transmitter, an original SU-MIMO chan-
nel quality indicator and an amount of change ACQI of the
channel quality indicator fed back by the receiver, and obtain-
ing a channel quality indicator CQI' of current open-loop
CoMP according to the amount of change ACQI and the
original SU-MIMO channel quality indicator CQI; wherein
the CQI' can be obtained by adding the CQI to the ACQI;

and then processing the multiple data streams according to
the current channel quality indicator CQI', and conveying the
processed multiple data streams into the precoding matrix W;
wherein, the step of processing the multiple data streams
according to the current channel quality indicator CQI' may
include performing coded modulation scheme selection, and
rate match, etc., on the multiple data streams, which are
similar to those in the prior art, and shall not be described
herein any further.

In this embodiment, if the multiple data streams are pre-
processed by using the matrix U and the matrix D before
being conveyed into the precoding matrix W, the transmitter
processes the multiple data streams according to the current
channel quality indicator CQI', conveys the processed mul-
tiple data streams into the matrix U, and then conveys into the
precoding matrix W after passing through the matrix D.

In this embodiment, the transmitter may select the precod-
ing matrix W RB by RB in a predefined manner, wherein,

for the same RB, the precoding matrix W used by the
transmitter is identical to or different from the precoding
matrices used by other transmitters.

In an embodiment, the transmitter cyclically selects the
precoding matrix W RB by RB in a predefined order, the
number of the precoding matrices used in each cycle being
related to the number of antenna ports of the transmitter and
being less than or equal to the number of precoding matrices
available in a codebook. In this case, a predefined number of
precoding matrices may be selected in advance, and then the
precoding matrices are cyclically used in a predefined order.

For example, when the number of the antenna ports of the
transmitter is 2, the number of the used precoding matrices W
in each cycle may be 2 or 3.

In this embodiment, as spatial multiplexing is used, the
number of layers (equaling to the number of the data streams)
is always greater than 1. Therefore, when it is specified in a
standard that the number of the antennas is 2, there are total 3
precoding matrices available for selection, wherein, the used
precoding matrices W may be any 2 or 3 in 3 precoding
matrices to which a codebook of 2 antennas specified in a
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standard corresponds; and the precoding matrices to which
the codebook of 2 antennas corresponds is shown in Table 1,
corresponding to a case where the number of the layers v=2.
If 2 precoding matrices are selected from them, the 2 precod-
ing matrices may form one cycle; and if 3 precoding matrices
are selected from them, one cycle may be formed by the 3
precoding matrices.

TABLE 1

Number of layers

Codebook index 1 2

0

For example, if the number of the antenna ports of the
transmitter is 4, the number of the precoding matrices W used
in each cycle may be any value between 1 and 16; for
example, a precoding matrix is selected RB by RB in each
cycle in an predefined order of W, W, ..., W,, (N=16). For
example, in this embodiment, the used precoding matrices W
are any 4 of 16 precoding matrices to which a codebook of 4
antennas specified in a standard corresponds, or the last 4
precoding matrices, i.e. precoding matrices to which code-
book indices 12-15 correspond, in 16 precoding matrices to
which a codebook of 4 antennas corresponds, are only taken,
as shown in Table 2. In practical application, a corresponding
vector u is obtained first from Table 2, and then a precoding
matrix is obtained according to u, obtaining the precoding
matrix being similar to the prior art, which shall not be
described herein any further.

In another embodiment, the precoding matrix used by the
transmitter in each cycle is identical to the precoding matrices
selected by other transmitters, but the orders for selecting the
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In a case where the orders for selecting the precoding
matrices are different, the transmitter may, for example, cycli-
cally select the precoding matrix W RB by RB in an order
reverse to that in which other transmitters select precoding
matrices, that is, in an reverse order for selecting precoding
matrices by other transmitters; for example, in each cycle, if
the order for selecting precoding matrices by other transmit-
ters is W, W,, W5, W, the order for selecting the precoding
matrix by the transmitter is a reserve order for selecting
precoding matrices by other transmitters, i.e. W,, W5, W,
Ww,.

Furthermore, the transmitter may, together with other
transmitters, select an order of precoding matrices in a man-
ner of cyclic shift, which shall be described taking 4 matrices
W, W,, W,, W, as an example, wherein, the transmitter is
noted as transmitter 1, and there are 4 other transmitters,
noted respectively as transmitter 2, transmitter 3, transmitter
4 and transmitter 5. If the precoding matrices are ordered in a
manner of cyclic shift, the order of the transmitter 1 is W,
W,, W, W, the order of the transmitter 2is W,, W5, W,, W,
the order of the transmitter 3 is W5, W,, W,, W, the order of
the transmitter 4 is W,, W5, W,, W, and the order of the
transmitter 5 is W,, W,, W, W,,.

In another embodiment, the transmitter may randomly
select the used precoding matrix W RB by RB. For example,
when the number of the antenna ports is 4, the transmitter may
randomly select one precoding matrix W RB by RB each time
from Table 2, while the order of the other transmitters for
selecting precoding matrices may still be W, W,, W5, W,,.

Inthis embodiment, the transmitter may select the matrix D
according to a granularity of an RE.

In this embodiment, the matrix U may be predetermined
and may be constant. For example, the matrices U and D may
be selected by using the matrices specified in a standard
according to the number of the layers, i.e. the number of the
data streams, as shown in Table 3. In Table 3, i denotes an RE

precoding matrices may be identical or different. index.
TABLE 2
Codebook Number of layers v
index u, 1 2 3 4
0 uy=[l-1-1-1]7 wollh WAz w3 Woi1234)o
1 w=[1-1j7 w i W RiNT w H23NE w1234}
2 w=[11-1 1]T w1 w27 w2y W, 1321415
3 uy=[1j1]7 w,ith W T w233 W, 13214}
4 = -1-pNZ-j(- J)/wfz w,i WA w24 NE w1234}
5 us=[1(1-)VZj(-1- )27 w,it W lNZT w3 w1234h
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Number of layers v Matrix U Matrix D (i)
2 11 1 1 0
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3|1 e WA oS mjl2md 0 0 o jAmif4 0
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FIG. 3 is a flowchart of the data transmission method of
Embodiment 2 of the present invention. As shown in FIG. 3,
the method includes:

step 301: receiving, by a receiver, data streams transmitted
by more than one transmitter;

wherein, the data streams are pre-coded vector symbols;

step 302: performing channel estimation by the receiver by
using a demodulation reference signal (DM-RS), so as to
obtain an equivalent channel;

wherein, one of the transmitters may transmit the DM-RS
by using a respective precoding matrix W, and the receiver
may estimate equivalent channels in REs of a certain density
after receiving the DM-RS, thereby obtaining an equivalent
channel in each RE by using an interpolation algorithm;

step 303: demodulating, by the receiver, the received data
streams by using the obtained equivalent channel, or by using
the obtained equivalent channel, a matrix D and a matrix U, so
as to obtain the data streams;

wherein, in the case where the transmitter maps the mul-
tiple data streams to its antennas by using the precoding
matrix W, the data streams transmitted by the transmitter may
be demodulated and recovered by using an existing MIMO
detection technology after the receiver obtains the equivalent
channel, so as to obtain the data streams;

and in the case where the transmitter maps the multiple data
streams to its antennas by using the matrix U, the matrix D
and the precoding matrix W, the data streams transmitted by
the transmitter may be demodulated and recovered by using
an existing MIMO detection technology after the receiver
obtains the equivalent channel, the matrix D and the matrix U,
so as to obtain the data streams.

Furthermore, the method further includes: feeding back an
original SU-MIMO channel quality indicator CQI and an
amount of change ACQI of the channel quality indicator by
the receiver to the transmitter. In this way, after the above
information is obtained, a channel quality indicator CQI' of
current open-loop CoMP transmission may be obtained
according to the above information, and coded modulation
scheme selection, and rate match, etc., may be performed by
using the CQI'.

In this embodiment, based on CSI-RS channel estimation,
the receiver obtains the CQI on an assumption of SU-MIMO
transmission condition and obtains the CQI' on an assumption
of open-loop CoMP transmission condition, calculates a dif-
ference value ACQI=CQI'-CQI, and looks up a mapping
table worked out in advance for the ACQI, so as to quantize
the ACQ], the process of quantization of the SU-MIMO CQI
being identical to that in an existing standard, and then the
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quantized ACQ], together with the CQI of the SU-MIMO, are
fed back to the transmitter. The feedback of the ACQI enables
the transmitter to select a more accurate transmission param-
eter for the open-loop CoMP transmission, such as a coded
modulation scheme, and rate match, etc., such that the per-
formance advantage of the CoMP transmission may be more
fully exerted.

It can be seen from the above embodiment that with the
open-loop spatial multiplexing CoMP transmission, the
receiver is not needed to perform PMI feedback, and the
method is also applicable to a scenario where user feedback is
not supported or PMI feedback is inaccurate.

FIG. 4 is a flowchart of the data transmission method of
Embodiment 3 of the present invention. In this embodiment,
description is given taking that the transmitter obtains the
CQI' according to the ACQI and CQI fed back by the receiver,
passes the data streams through the matrix U and the matrix D
after processing the data streams with respect to selection of
coded modulation scheme, and rate match, etc., by using the
CQI', and then maps the data streams to the antennas of itself
by using the precoding matrix W, as an example. Wherein, a
receiver R receives multiple data streams transmitted by mul-
tiple transmitters. The number of the transmitters is n, the
number of antennas configured for each transmitter T, is N,
the number of antennas configured for the receiver is N, and
the MIMO channel matrix between an i-th transmitter T, and
the receiver R is expressed as H,, where, i=1, 2, . . ., n, which
is a N,xN, dimension matrix. Data streams transmitted by
each transmitter T, to the receiver R are L. data streams. A
precoding matrix W is a N, xL. dimension matrix, and the
matrix D and the matrix U are both LxL matrices. Wherein,
the number N, of the antennas of the receiver is greater than or
equalto 2, and L is less than or equal to the number N, of the
antennas of the receiver; and N,, N,, L. and n are all positive
integers.

At the transmission end:

step 401: receiving, by each of multiple transmitters, an
channel quality indicator CQI under an original MIMO trans-
mission condition and an amount of change ACQI of the
channel quality indicator fed back by the receiver;

step 402: obtaining a current channel quality indicator CQI'
by the multiple transmitters according to the amount of
change ACQI and the channel quality indicator CQI under an
original MIMO transmission condition;

wherein, the CQI' may be obtained by adding the CQI to
the ACQI;

step 403: processing the multiple data streams according to
the current channel quality indicator CQI';



US 9,344,160 B2

11

wherein, the processing may include selection of a trans-
mission parameter for the multiple data streams, such as
selection of a coded modulation scheme, and rate match, etc.,
and after being processed, the data streams are vector sym-
bols;

step 404: mapping the processed multiple data streams x to
multiple antennas of itself after passing through the matrix U
and the matrix D and being precoded by using the precoding
matrix W,

in this embodiment, each of the n transmitters maps L data
streams X to N, antennas of itself by using the matrix U and the
matrix D in turn and passing the data streams through the
precoding matrix W;

wherein, the processing of the multiple data streams by
using the matrix U and the matrix D is as described in
Embodiment 1, which shall not be described herein any fur-
ther;

wherein, each transmitter selects a used precoding matrix
W by taking an RB as an granularity, the rule for selecting the
used precoding matrix W being similar to that in Embodiment

the matrix D may be adjusted according to an granularity of
an RE, and the matrix U may be predetermined, as shown in
Table 3;

step 405: transmitting the multiple data streams x to the
receiver by each transmitter via multiple antennas of itself;

in this embodiment, each transmitter transmits the L data
streams X to the receiver via N, antennas of itself; wherein, the
data streams x are transmitted to the receiver R in a form of
vector symbol after being precoded by using a precoding
matrix W,

step 406: transmitting a DM-RS to the receiver R by each
transmitter by using the precoding matrix W, of itself;

wherein, the DM-RS and the data streams may be trans-
mitted to the receiver R at the same time via the antennas.

At the receiving end:

step 407: receiving, by the receiver R, multiple data
streams X and DM-RSs transmitted by multiple transmitters;

in this embodiment, the receiver R may receive L data
streams X and DM-RSs transmitted by n transmitters at the
same time; wherein, the received vector symbols may be
expressed as:

n

y= {Z (H;W;DUx)} tn= {Z (H: W;)DUx} +n

i=1 i=1

M

in formula (1), n denotes a noise vector;

step 408: performing channel estimation by the receiver R
by using the obtained DM-RSs, so as to obtain an equivalent
channel;

wherein, the receiver R may estimate equivalent channels
in REs of a certain density, and further obtains an equivalent
channel in each RE by using an interpolation algorithm, i.e.

furthermore, the equivalent channel may also be obtained
by using any other algorithms in the prior art, which shall not
be described here any further;

step 409: performing demodulation recovery on the
received [ data streams x by the receiver R by using the
obtained equivalent channel, the matrices D and U;

25

35

40

45

55

60

12

in this embodiment, the matrix D may be determined
according an RE, and the matrix U may be learnt in advance;
in this way, the receiver R may obtain

{Z (H;w;)DU},

i=1

and perform demodulation recovery on the data streams in
formula (1), i.e. transmission vectors X, by using an existing
MIMO detection technique after obtaining the

{Z (H;w;)DU};

i=1

for example, for a receiver of minimum mean square error
(MMSE), the detection of the transmission vectors X in for-
mula (1) is as follows:

let

H, = {Zn: (H;W;)DU},

i=1

the relationship between reception and transmission in for-
mula (1) may be expressed as:

y=Hx+n 2

after H, is learnt, the receiver may construct a reception
matrix by itself; for example, a reception matrix is:

RE=HFH 0’ 'HH 3

and the vector symbol to be performed demodulation
recovery is:

£=Rfy s

in this way, the receiver may obtain a reception matrix R¥
according to the learnt

H, = {Zn: (H;W;)DU},

i=1

and then performs demodulation recovery on the data streams
x according to the reception matrix R” and the received data
streams, i.e. symbol vectors y.

Furthermore, the method may further include a step of:
feeding back, by the receiver, an original SU-MIMO channel
quality indicator CQI and an amount of change ACQI of the
channel quality indicator, to the transmitters. In this way, after
obtaining the above information, a channel quality indicator
CQI' of current open-loop CoMP transmission may be
obtained according to the above information, and coded
modulation scheme selection, and rate match, etc., may be
performed by using the CQI', the manner of obtaining the
amount of change ACQI of the channel quality indicator
being as described in Embodiment 3, which shall not be
described herein any further. And this step may be carried out
before or after step 407, step 408, or step 409, and may be
determined as actually required.

In another embodiment, in step 404, each transmitter may
further convey the processed multiple data streams directly
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into the precoding matrix W for precoding, and then transmit
to the receiver via the antennas. In this way, in step 407, the
receiver R may receive L. data streams x and DM-RSs trans-
mitted by n transmitters at the same time; wherein, the
received vector symbols may be expressed as:

®

y= {Zn: (H; W;x)} +n.

i=1

In step 408, the receiver R may perform channel estimation
by using the obtained DM-RSs, so as to obtain an equivalent
channel; wherein, the receiver R may estimate equivalent
channels in REs of a certain density, and further obtains an
equivalent channel in each RE by using an interpolation algo-
rithm, i.e.

In step 409, the receiver R may perform demodulation
recovery on the received L data streams x by using the
obtained equivalent channel;

In this embodiment, after obtaining the equivalent channel

the receiver R may perform demodulation recovery on the
data streams in formula (5), i.e. transmission vectors x by
using an existing MIMO detection technique.

For example, for a receiver of minimum mean square error
(MMSE), the detection of the transmission symbols x in
formula (5) is as follows:

let

the relationship between reception and transmission in for-
mula (5) may be expressed as:

(6);

after H, is learnt, the receiver may construct a reception
matrix by itself; for example, a reception matrix is:

y=H x+n

RI=(H o’y B G

and the vector symbol to be performed demodulation
recovery is:

£=Rfy ()

in this way, the receiver may obtain a reception matrix R¥
according the learnt H,, and then performs demodulation
recovery on the data streams x according to the reception
matrix R¥ and the received data streams, i.e. symbol vectors
y. In the above formula, o denotes a noise variance, which is
known to the receiver.

Following description is given taking that the number of
the transmitters is n=2, the number of antennas configured for
each transmitter T, is N, =4, the number of antennas config-
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ured for the receiver R is N,=2, an MIMO channel matrix
between an i-th transmitter T, and the receiver R is expressed
as H which is a 2x4 dimension matrix, as an example. The
data streams transmitted by each transmitter T, to the receiver
R are L data streams. The precoding matrix W is a 4xL
dimension matrix, and the matrix D and the matrix U are both
LxL matrices; where, i=1, 2, L=2.

In such a case, in step 401, 2 transmitters map 2 data
streams X to 4 antennas of themselves by using the matrix U,
the matrix D and precoding matrices W, and W, of them-
selves in turn;

wherein, each transmitter selects the used precoding matri-
ces W, and W, taking an RB as an granularity, the rules for
selecting the precoding matrices W, and W, are multiple, as
described in Embodiment 1;

for example, in this embodiment, the precoding matrices
are selected by using the following manners.

A first manner:

2 transmitters cyclically select the precoding matrices W,
and W, RB by RB in a predefined order, the number of
precoding matrices used in each cycle being 4.

For example, the 4 precoding matrices are W(1), W(2),
W(3), W(4) in turn.

For the same RB, the precoding matrices selected by the 2
transmitters may be identical or different. In this embodi-
ment, for example, one of the transmitters cyclically selects
the precoding matrix W, in an order of W(1), W(2), W(3),
W(4), and the other transmitter cyclically selects the precod-
ing matrix W, in an order reverse to that in which the one
transmitter selects the precoding matrix, that is, W(4), W(3),
W(2), W(1). However, it is not limited thereto, and other
manners may be used for selection.

The above 4 precoding matrices may be randomly selected
from 16 precoding matrices specified in a codebook of 4
antennas, and may also be selected as the last 4 of the 16
precoding matrices, as shown in Table 2.

A second manner:

one of the 2 transmitters cyclically selects the precoding
matrix W, RB by RB in a predefined order, and the other one
ofthe transmitters randomly selects the precoding matrix W,
the number of precoding matrices used in each cycle being 4.

For the same RB, the precoding matrices selected by the 2
transmitters may be identical or different. In this embodi-
ment, for example, one of the transmitters cyclically selects
the precoding matrix W, in an order of W(1), W(2), W(3),
W(4); for example, the 4 precoding matrices may be ran-
domly selected from 16 precoding matrices specified in a
codebook of 4 antennas, and may also be selected as the last
4 of the 16 precoding matrices, as shown in Table 2. And the
other one of the transmitters randomly selects the precoding
matrix W, in each cycle; for example, the 4 precoding matri-
ces used in each cycle may be randomly selected from 16
precoding matrices specified in a codebook of 4 antennas.

Furthermore, in step 401, the matrices D and U used by the
2 transmitters are identical, the matrix D may still be adjusted
as per a granularity of an RE, and the matrix U may be
determined in advance, such as being determined according
to Table 3.

As to steps 402-406, they correspond to a case where i=2,
with the processes being similar to what is described above,
which shall not be described herein any further.

The above description is given taking that the number of
transmitters is n=2, the number of antennas configured for
each transmitter T, is N, =4, and the number of antennas con-
figured for the receiver is N,=2, as an example. The case
where the number of antennas configured for each transmitter
is N,=2 and the number of antennas configured for the
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receiver is N,=2 is similar to what is described above, which
shall not be described herein any further.

As for a case where the number of antennas configured for
the transmitter T, is N, >4, for example, for the case where 8
antennas, 1, 2, . . . 8, are configured, each two neighboring
antennas may be mapped as one new equivalent antenna, so
that the 8 antennas are transformed into 4 antenna ports.
Therefore, such a case may be dealt with as a case of 4
antennas. And there exist correspondingly other manners of
mapping, which shall not be enumerated herein any further.

It can be seen from the above embodiment that on the basis
of'a CDD framework, the transmitter may transmit the data
streams to the receiver by using the matrix U, the matrix D and
the precoding matrix W, and selects the precoding matrix W
by taking an RB as a granularity, so as to support DM-RS
demodulation, and the receiver is not needed to perform PMI
feedback, which is also applicable to a scenario where user
feedback is not supported or PMI feedback is inaccurate,
thereby achieving open-loop spatial multiplexing CoMP
transmission.

An embodiment of the present invention further provides a
transmitter and a receiver, as described in embodiments 4 to 6
below. As the principles of the transmitter and the receiver for
solving problems are similar to that of the data transmission
method based on a transmitter and a receiver, the implemen-
tation of the method may be referred to for the implementa-
tion of the transmitter and the receiver, and the repeated parts
shall not be described any further.

FIG. 5 is a schematic diagram of the structure of the trans-
mitter of Embodiment 4 of the present invention. As shown in
FIG. 5, the transmitter includes: a selecting unit 501, a pre-
coding unit 502 and multiple antennas 503; wherein,

the selecting unit 501 is configured to select a used precod-
ing matrix W by taking an RB as a granularity; the precoding
unit 502 is configured to map multiple data streams x to the
multiple antennas 503 of the transmitter after precoding the
multiple data streams x by using a precoding matrix selected
by the selecting unit 501; and the multiple antennas 503 are
configured to transmit the multiple data streams x to a
receiver.

In this embodiment, the selecting unit 501 may select the
precoding matrix in a predefined manner, as described in
embodiments 1 and 3, which shall be described below by way
of an example.

For example, for the same resource block, the precoding
matrix W selected by the selecting unit 501 is identical to or
different from precoding matrices selected by other transmit-
ters.

In an embodiment, the selecting unit 501 cyclically selects
the precoding matrix W in a predefined order, the number of
the precoding matrices used in each cycle being related to the
number of antenna ports of the transmitter and being less than
or equal to the number of precoding matrices available in a
codebook.

In another embodiment, the precoding matrix used by the
selecting unit 501 in each cycle is identical to the precoding
matrices used by other transmitters, and the selecting unit 501
selects the precoding matrix W in an order different from or
identical to that in which other transmitters select precoding
matrices, or the selecting unit 501 randomly selects the pre-
coding matrix W used in each cycle.

In this embodiment, when the receiver performs demodu-
lation by using a DM-RS, as shown in FIG. 5, the transmitter
further includes a transmitting unit 504 configured to convey
a DM-RS into the precoding unit 501; and the precoding unit
501 is further configured to map the DM-RS to the multiple
antennas 503 by using the precoding matrix W, and the mul-
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tiple antennas 503 transmit the DM-RS to the receiver.
Wherein, the DM-RS may be obtained in advance.

As shown in FIG. 5, the transmitter further includes a
preprocessing unit 505 configured to pass multiple data
streams through a unitary matrix before the precoding unit
502 maps the multiple data streams to the multiple antennas
503, so that the multiple data streams experience similar
channel conditions, and to pass the data streams through a
phase rotation matrix after passing through the unitary
matrix, so as to obtain a frequency diversity. And the prepro-
cessing unit 505 is optional.

FIG. 6 is a schematic diagram of the structure of the trans-
mitter of Embodiment 5 of the present invention. As shown in
FIG. 6, the transmitter includes: a selecting unit 601, a pre-
coding unit 602, multiple antennas 603, a transmitting unit
604 and a preprocessing unit 605, with the functions of them
being identical as those in Embodiment 4, which shall not be
described herein any further.

As shown in FIG. 6, the transmitter further includes:

a first receiving unit 606 is configured to receive a channel
quality indicator CQI of an original SU-MIMO transmission
and an amount of change ACQI of the channel quality indi-
cator fed back by a receiver;

a calculating unit 607 is configured to calculate a channel
quality indicator CQI' of a current open-loop CoMP trans-
mission according to the amount of change and the channel
quality indicator of the original SU-MIMO transmission
received by the first receiving unit 606; and

a processing unit 608 is configured to process the multiple
data streams according to the current channel quality indica-
tor CQI', and to convey the processed multiple data streams
into the precoding unit 602, or to convey the processed mul-
tiple data streams into the precoding unit 602 after being
processed by the preprocessing unit 605. Wherein, the pro-
cess of processing of the processing unit 608 is as described in
embodiments 1 and 3, which shall not be described herein any
further.

In this embodiment, the selecting unit 501 may further be
configured to select a matrix D by taking an RE as an granu-
larity, that is, adjusting the matrix D RE by RE, details for
selecting the matrix D being as described in Embodiment 2,
which shall not be described herein any further. Furthermore,
it should be noted that in this embodiment, the selecting unit
501 may be configured to select a precoding matrix W and a
matrix D, and the two matrices may be selected by using
different selecting units; for example, a first selecting unit
selects the precoding matrix W, and a second selecting unit
selects the matrix D.

In this embodiment, the transmitter may further includes a
storing unit (not illustrated), the matrix U may be predeter-
mined and stored in the storing unit, and the precoding matrix
W and the matrix D available for selection may also be stored
in the storing unit, for use by the selecting unit 501.

In this embodiment, the transmitter may refer to a base
station, such an eNodeB, and an RRH, etc.

FIG. 7 is a schematic diagram of the structure of the
receiver of Embodiment 6 of the present invention. As shown
in FIG. 7, the receiver includes: a second receiving unit 701,
a channel estimating unit 702 and a demodulating unit 703;
wherein,

the second receiving unit 701 is configured to receive data
streams transmitted by more than one transmitter via an
antenna 700;

the channel estimating unit 702 is configured to perform
channel estimation by using a DM-RS, so as to obtain an
equivalent channel; wherein, the method for performing
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channel estimation by the channel estimating unit 702 is as
described in embodiments 2 and 3, which shall not be
described herein any further;

and the demodulating unit 703 is configured to demodulate
the received data streams by using the obtained equivalent
channel, or by using the obtained equivalent channel, a matrix
D and a matrix U, so as to obtain the data streams x;

wherein, when the transmitter uses the structure shown in
FIG. 5, in case of not including the preprocessing unit 605, the
demodulating unit 703 performs demodulation recovery on
the received data streams by using the obtained equivalent
channel. And in case of including the preprocessing unit 605,
the demodulating unit 703 performs demodulation on the
received data streams by using the obtained equivalent chan-
nel, the matrix D and the matrix U, so as to obtain the data
streams.

Wherein, the method for performing demodulation recov-
ery to obtain the data streams x by the demodulating unit 703
is as described in embodiments 2 and 3, which shall not be
described herein any further.

Furthermore, as shown in FIG. 7, the receiver may further
include a storing unit 704 configured to store the information
of the equivalent channel obtained by the channel estimating
unit 702, and to store a pre-obtained matrix U and a matrix D,
so that the demodulating unit 703 performs demodulation
recovery on the data streams received by the receiving unit
701, so as to obtain the data streams x.

Furthermore, the receiver may further include a transmit-
ting unit (not illustrated) configured to transmit a channel
quality indicator CQI of an original MIMO transmission and
an amount of change ACQI of the channel quality indicator to
the transmitters.

Furthermore, the receiver may further include an informa-
tion acquiring unit (not illustrated) configured to acquire the
above amount of change of the channel quality indicator, with
the manner of acquisition being as described in Embodiment
2, which shall not be described herein any further.

In this embodiment, the receiver may be various terminal
equipment, such as a mobile phone; and may also be any
equipment capable of communicating, such as a game player,
a PDA, and a portable computer, etc.

One or more functional blocks and/or one or more combi-
nations of the functional blocks in FIGS. 5, 6 and 7 (such as
the selecting unit 501, the precoding unit 502, and the trans-
mitting unit 504, etc.) may be realized as a universal proces-
sor, a digital signal processor (DSP), an application-specific
integrated circuit, a field programmable gate array (FPGA) or
other programmable logic devices, discrete gate or transistor
logic devices, discrete hardware component or any appropri-
ate combinations thereof. And one or more functional blocks
and/or one or more combinations of the functional blocks in
FIGS. 5 and 6 may also be realized as a combination of
computing equipment, such as a combination of'a DSP and a
microprocessor, multiple processors, one or more micropro-
cessors in communication combination with a DSP, or any
other such configuration.

FIG. 8 is a schematic diagram of the structure of the data
transmission system of Embodiment 7 of the present inven-
tion. The system includes more than one transmitter 801(1)
~801(») and a receiver 802;

wherein, the structures of each of the transmitters and the
receiver are as shown in FIGS. 5, 6 and 7, which shall not be
described herein any further. And the flows for carrying out
the transmitters and the receiver in the system are as described
in Embodiment 3 shown in FIG. 4, which shall not be
described herein any further.

30

40

45

18

In this embodiment, the selecting units of the multiple
transmitters 801(1)~801(») may select precoding matrices W
in a manner described in embodiments 1 and 3. For example,
in this embodiment, the selecting units of the multiple trans-
mitters 801(1)~801(») cyclically select the precoding matri-
ces W in a predefined order, and the precoding matrix used by
each transmitter in each cycle may be identical; wherein, the
determination of the orders of the used precoding matrices
selected by each transmitters in a cyclic shift manner is as
described in Embodiment 1, which shall not be described
herein any further.

It can be seen from the above embodiment that on the basis
of'a CDD framework, the transmitter may transmit the data
streams to the receiver by using the matrix U, the matrix D and
the precoding matrix W, and selects the precoding matrix W
by taking an RB as a granularity, so as to support DM-RS
demodulation; and the receiver may receive data streams and
DM-RSs transmitted by multiple transmitters, performs
channel estimation according to the received DM-RSs, so as
to obtain an equivalent channel, performs demodulation
recovery on the received data streams by using the equivalent
channel and the matrices D and U, and is not needed to
perform PMI feedback, which is also applicable to a scenario
where user feedback is not supported or PMI feedback is
inaccurate, thereby achieving open-loop spatial multiplexing
CoMP transmission.

An embodiment of the present invention further provides a
computer-readable program, wherein when the program is
executed in a transmitter, the program enables a computer to
carry out the data transmission method as described in
embodiments 1 and 3 in the transmitter.

An embodiment of the present invention further provides a
storage medium in which a computer-readable program is
stored, wherein the computer-readable program enables a
computer to carry out the data transmission method as
described in embodiments 1 and 3 in a transmitter.

An embodiment of the present invention further provides a
computer-readable program, wherein when the program is
executed in a receiver, the program enables a computer to
carry out the data transmission method as described in
embodiments 2 and 3 in the receiver.

An embodiment of the present invention further provides a
storage medium in which a computer-readable program is
stored, wherein the computer-readable program enables a
computer to carry out the data transmission method as
described in embodiments 2 and 3 in a receiver.

Although particular embodiments of the present invention
are described in this application, those skilled in the art may
design variants of the present invention on the basis of not
departing from the concept of the present invention.

For example, the above system may support, besides DM-
RS demodulation, demodulation of a cell reference signal, a
transmitter may transmit the CRS to a receiver, and the
receiver may perform demodulation according to the CRS.

The above apparatuses and methods of the present inven-
tion may be implemented by hardware, or by hardware in
combination with software. The present invention relates to
such a computer-readable program that when the program is
executed by a logic device, the logic device is enabled to carry
out the apparatus or components as described above, or to
carry out the methods or steps as described above. The present
invention also relates to a storage medium for storing the
above program, such as a hard disk, a floppy disk, a CD, a
DVD, and a flash memory, etc.

The present invention is described above with reference to
particular embodiments. However, it should be understood by
those skilled in the art that such a description is illustrative
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only, and not intended to limit the protection scope of the
present invention. Various variants and modifications may be
made by those skilled in the art according to the spirits and
principle of the present invention, and such variants and
modifications fall within the scope of the present invention.

What is claimed is:
1. A transmitter, comprising:
a preprocessing unit configured to pass multiple data
streams through a unitary matrix and to pass outputted
data streams through a phase rotation matrix;
a selecting unit configured to select the phase rotation
matrix by taking a resource element as granularity; and
select a used precoding matrix by taking a resource
block as a granularity;
a precoding unit configured to map multiple data streams
outputted from the preprocessing unit to multiple anten-
nas of the transmitter by using the precoding matrix; and
multiple antennas configured to transmit the multiple data
streams to a receiver;
wherein, the selecting unit cyclically selects the precod-
ing matrix in a predefined order, the number of the
precoding matrices used in each cycle being related to
the number of antenna ports of the transmitter and
being less than or equal to the number of precoding
matrices available in a codebook;

wherein the precoding matrix used by the selecting unit
in each cycle is identical to the precoding matrices
used by other transmitters, but the selecting unit
selects the precoding matrix in an order ditferent from
or identical to that in which other transmitters select
precoding matrices.

2. The transmitter according to claim 1, wherein for the
same resource block, the precoding matrix selected by the
selecting unit is identical to or different from precoding matri-
ces selected by other transmitters;

the coordinated precoding matrix selection is determined
by predefined rules.

3. The transmitter according to claim 1, wherein,

when the number of the antenna ports is 2, the used pre-
coding matrices are 3 or any 2 of 3 precoding matrices to
which a two-antenna codebook corresponds;

and when the number of the antenna ports is 4, the used
precoding matrix is any N precoding matrix of 16 pre-
coding matrices to which a four-antenna codebook cor-
responds, wherein N<16.

4. The transmitter according to claim 1, wherein

the transmitter further comprises a transmitting unit con-
figured to convey a demodulation reference signal into
the precoding unit;

and the precoding unit is further configured to transmit the
demodulation reference signal to the multiple antennas
by using the precoding matrix, and the antennas trans-
mits the demodulation reference signal to the receiver.

5. The transmitter according to claim 1, wherein the trans-
mitter further comprises:

afirst receiving unit configured to receive a channel quality
indicator and an amount of change of the channel quality
indicator fed back by the receiver;

a calculating unit configured to calculate a current channel
quality indicator according to the amount of change and
the channel quality indicator received by the first receiv-
ing unit; and

a processing unit configured to process the multiple data
streams according to the current channel quality indica-
tor, and to convey the processed multiple data streams
into the precoding unit.
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6. A system, comprising:

a second receiving unit configured to receive data streams
transmitted by more than one transmitter;

a channel estimating unit configured to perform channel
estimation by using a demodulation reference signal, so
as to obtain an equivalent channel; and

a demodulating unit configured to demodulate the received
data streams by using the obtained equivalent channel, a
phase rotation matrix and a unitary matrix, so as to
obtain the data streams;

wherein, multiple data streams are received by the second
receiving unit after being processed by the transmitter
by:

passing the multiple data streams through a unitary matrix
and passing outputted data streams through a phase rota-
tion matrix; wherein the transmitter selects the phase
rotation matrix by taking a resource element as granu-
larity;

mapping the outputted multiple data streams to multiple
antennas of the transmitter by using a precoding matrix;
wherein the transmitter selects the used precoding
matrix by taking a resource block as a granularity;

transmitting the multiple data streams by the multiple
antennas to the receiver;

wherein, the transmitter cyclically selects the precoding
matrix in a predefined order, the number of the precod-
ing matrices used in each cycle being related to the
number of antenna ports of the transmitter and being less
than or equal to the number of precoding matrices avail-
able in a codebook;

wherein the precoding matrix used by the transmitter in
each cycle is identical to the precoding matrices used by
other transmitters, but the transmitter selects the precod-
ing matrix in an order different from or identical to that
in which other transmitters select precoding matrices.

7. The system according to claim 6, wherein the receiver

further comprises a transmitting unit configured to transmit a
channel quality indicator and an amount of change of the
channel quality indicator to the transmitters.

8. A data transmission system, comprising:

more than one transmitter, each of the transmitters com-
prising:

a preprocessing unit configured to pass multiple data
streams through a unitary matrix and to pass outputted
data streams through a phase rotation matrix;

a selecting unit configured to select the phase rotation
matrix by taking a resource element as granularity,
and select a used precoding matrix by taking a
resource block as a granularity;

a precoding unit configured to map multiple data
streams outputted from the preprocessing unit to mul-
tiple antennas of the transmitter by using the precod-
ing matrix selected by the selecting unit; and

multiple antennas configured to transmit the multiple
data streams to a receiver; and

the receiver, comprising
areceiving unit configured to receive data streams trans-

mitted by more than one transmitter;

a channel estimating unit configured to perform channel
estimation by using a demodulation reference signal,
$0 as to obtain an equivalent channel; and

a demodulating unit configured to demodulate the
received data streams by using the obtained equiva-
lent channel, a phase rotation matrix and a unitary
matrix, so as to obtain the data streams,

wherein, the selecting unit of the multiple transmitters
cyclically selects the precoding matrix in a predefined
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order, the number of the precoding matrices used in each
cycle being related to the number of antenna ports of the
transmitter and being less than or equal to the number of
precoding matrices available in a codebook, and

wherein the precoding matrix used by the selecting unit in
each cycle is identical to the precoding matrices used by
other transmitters, but the selecting unit selects the pre-
coding matrix in an order different from or identical to
that in which other transmitters select precoding matri-
ces.

9. The system according to claim 8, wherein the order in
which each of the transmitters selects the used precoding
matrix is determined in a cyclic shift manner.

10. The system according to claim 8, wherein when the
number of the transmitters is 2, the selecting unit of one of the
transmitters cyclically selects the precoding matrix in a pre-
defined order, and the selecting unit of the other one of the
transmitters cyclically selects the precoding matrix W in an
order reverse to that of the one of the transmitters; or

the selecting unit of one of the transmitters cyclically

selects the precoding matrix W in a predefined order, and
the selecting unit of the other one of the transmitters
randomly selects the precoding matrix.
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